Objective: To evaluate Curcuma longa rhizome by pharmacognostic and phytochemical analysis and standardize one of its formulations by HPLC. The present work includes macroscopic study, microscopic analysis of cross section and powder of rhizome, fluorescence analysis, qualitative and quantitative phytochemical assay and chromatographic fingerprinting of its polyherbal formulation, Pathyashadangam kwath using curcumin as marker carried out as per standard laboratory procedures. The study helps to provide both diagnostic features for identification and preventing adulteration of Curcuma longa L and HPLC chromatogram for standardisation of its formulation. Results: Microscopic analysis revealed the presence of a broad parenchymatous cortex with abundant starch grains in the cross section, spiral vessels, starch grains having hilum towards the narrower end, fibres and cells with oleo resin in powder microscopy. HPLC analysis revealed the presence of three peaks corresponding to curcuminoids in the formulation. Conclusion: Pharmacognostic and phytochemical evaluation can be used for confirming the identity of Curcuma longa rhizome and HPLC using curcumin as marker can be used for standardisation of its formulations.
INTRODUCTION
Curcuma longa L. is a medicinal plant belonging to Zingiberaceae family whose rhizome is widely used in ayurvedic and native medicine against many diseases. At maturity when the leaves of the plant turn yellow the rhizome is carefully dug up with handpicks, cured by boiling and dried. The dried and cured rhizome or haridra is widely used in Ayurveda for treatment of kustha, vrana, tvagroga, prameha and pandu 1 . The rhizome known as Turmeric or yellow spice or spice of life is considered as a great gift of mother-nature because of its curative potential. It has been reported to have antiarthritic, antiinflammatory, antibacterial, antiallergic and antioxidant effects 2 . Curcumin the active ingredient of the rhizome has been proved to play a key role in the treatment of various pro inflammatory chronic diseases. The enormous therapeutic properties of turmeric rhizome and absence of any significant toxicity has added to its increasing demand for drug manufacturing. Turmeric has been used in traditional medicine for the treatment of liver and skin diseases, cold and flu and inflammation of joints. It is used singly and in combination with other ingredients to alleviate asthma and cough 3 . The crude extract of turmeric possess selective spasmolytic activity for tracheal and intestinal tissues explaining its traditional use in asthma, cough and diarrhoea 4 . Curcuma is an ingredient of many Ayurveda formulations like nisatakadi kwath, mahamanjishtadi kwath, vidamkarajanyadi kwath, pathyaamalakadi kwath, pathyapunarnavadi kwath, amritadi kwath and amritarajanyaadi kwath 5 . Curcumin, the active ingredient of turmeric has been proved to improve the overall memory in patients with Alzheimer's disease and hence turmeric has been proved to be beneficial in the prevention and treatment of Alzheimer's disease 6 . WHO estimates that traditional medicine is used by about 80% of the world population for their primary health care 7 . The first step towards the establishment of identity and purity of drugs can be accomplished by organoleptic, macroscopic and microscopic evaluation and is indispensable before performing other tests 8 . Phytochemical analysis of medicinal plants can pave the way for the development of new drugs by pharmaceutical companies 9 . Quality assurance of herbal drugs by modern techniques and suitable standards is very important. HPLC is a dependable, safe and sensitive method for quality control of drug components. It is a useful tool for standardisation of ayurvedic formulations 10 . Ayurvedic products like dhanyapanchak kwatha curna, guduchyadigana kwatha curna and stanyajanana kashaya curna has been standardised by using HPLC 11 . Pathyashadangam kashayam is a classical ayurvedic polyherbal formulation having Curcuma longa rhizome as one of its ingredients. The formulation is used against ear ache, cluster head ache, migraine, night blindness etc. The present work focuses on pharmacognostic evaluation of Curcuma longa rhizome and standardisation of the formulation using curcumin as biomarker. . The total bitter and flavonoids in Curcuma longa was quantified by classical method 13 . Microscopy: Transverse section of the rhizome was taken by free hand, mounted in water and observed under the microscope. The dried cured rhizome was powdered and the powder was suspended in water and subjected to microscopic evaluation. Fluorescence analysis: The powder was treated with different reagents and observed under visible, short and long UV lights. HPLC analysis: Pathyashadangam kwath is an ayurvedic formulation referred in Sharngadhara samhita in which the rhizome of Curcuma longa is one of the seven ingredients. The other ingredients are dried fruit pericarps of Terminalia chebula, Terminalia bellirica and Phyllanthus emblica, stem of Tinospora cordifolia, stem bark of Azadirachta indica and aerial part of Andrographis paniculata. The formulation was standardised by using curcumin as marker. A kashayam was prepared excluding all ingredients of Pathyashadangam kashayam other than Curcuma longa and was also subjected to HPLC. The HPLC analysis was carried out using Luna 5u C18 analytical column (250 x 4.6 mm), Shimadzu LC-10 AT vp binary gradient pump and SPD-M10A vp photo diode array detector (PDA) The mobile phase used was A: Acetonitrile (60%) B: 50mM Potassium dihydrogen orthophosphate (pH adjusted to 3.5 using Ortho Phosphoric acid) (40%) 14 . Injection volume was 20 µL and total flow rate was 0.8 ml/min. Isocratic elution was used. Total run time was 12 min, column oven temperature was 250º C and detection wavelength was 450 nm.
MATERIALS AND METHODS

RESULTS
Morphology:
It is a group of rhizomes, the central primary rhizome being conical to ovoid in shape with a number of longer secondary rhizomes or fingers attached to it laterally. Both are covered with scale leaves whose remnants are seen as transverse scars and differentiated into nodes and internodes. Organoleptic Evaluation: Fresh rhizomes are light yellow/brown in colour externally and deep orange internally, has characteristic aromatic smell and bittery hot taste. Microscopy: T.S of the rhizome is more or less circular in outline. (Fig 1) The outermost layer is the periderm which consists of 5-6 layers of tangentially elongated cells. This is followed by a broad cortex made of thin walled parenchymatous cells with intercellular spaces. Some cells + + contain deposition of orange red substance oleoresin. (Fig  2) Some others contain yellowish oil globules which almost fill the cells. There is a single layered endodermis composed of thin walled rectangular cells. Close to the endodermis many compactly arranged conjoint collateral vascular bundles are present. A number of small bundles are also present scattered inside. Abundant starch grains are found, more in cells lying towards the centre. The starch grains are oblong with hilum towards the narrower end.
Powder microscopy
The powder is yellow in colour. Microscopic analysis of the powder revealed the presence of fibres having an average length of 353.33±116.71 µm, length ranging from 560 µm to 140 µm. Simple starch grains mostly oval and a few round were abundantly found. The average dimensions of the starch grains were found to be 20.52±6.73 µm by 14.12±4.72 µm. Spiral vessels having diameter 42 µm to 56 µm were also observed. Cells with oleo resin having an average length of 107.33 ± 28.92 µm and average breadth of 74.67 ± 11.43 µm were also found. Preliminary phytochemical analysis of methanol extract of Curcuma longa revealed the presence of alkaloids, flavonoids, sterols, glycosides and saponins. Curcuma longa rhizome has been found to contain bitter and flavonoids which may be responsible for its curing potential. The total bitter and flavonoids in the rhizome was quantified (Fig 5) . HPLC analysis of three batches of Pathyashadangam kashayam and Curcuma kashayam was carried out along with curcumin standard. All the three batches of Pathyashadangam kashayam and Curcuma kashayam showed three peaks corresponding to curcuminoids. (Fig  6) The Rt of Curcumin standard was found to be 9.208, that of curcumin in PS 15, PS 23 and PS 25 (three batches of Pathyashadangam kashayam) was found to be 9.285,9.2 and 9.173 respectively and in Curcuma kashayam was 9.22.
DISCUSSION
Microscopic analysis of herbal drugs can ensure their quality and purity and thereby enhance the efficacy and minimise the side effects of herbal medicine. For authentication of commercial samples and detection of adulteration and substitution microscopy can be used as an effective tool 15 . The most accurate identification of ingredients of a polyherbal formulation can be made by taking transverse sections of fresh plant materials and observation and recording of their key anatomical features 16 . Curcuma longa rhizome being one of the most widely adulterated spice can be characterised by the oldest, simplest and cheapest method of microscopic analysis 17 . Transverse section of Curcuma longa rhizome revealed that the presence of a broad parenchymatous ground tissue containing cells with abundant starch grains and cells with oleo resin and oil globules and conjoint collateral closed vascular bundles are the key diagnostic features of the rhizome. The number and size of starch grains is an important feature for identification of Curcuma species. The curing percentage, oleoresin, oil and percentage of curcumin can be used as quality parameters for the evaluation of Curcuma longa rhizome 18 . The powder microscopic analysis revealed that starch grains having hilum towards the narrow end and cells with oleoresin can be used for confirming the identity of the powder of Curcuma longa rhizome. Flavonoids are water soluble compounds which usually occur in plants as mixtures and show intense absorption bands in UV and visible regions 19 . Curcuma longa rhizome contains many types of flavonoids and the isolated flavonoids have reducing power and strong antioxidant activity as is indicated by its capacity to scavenge hydrogen peroxide radicals 20 . Flavonoids from food sources have versatile health benefits because of their antioxidant, free radical scavenging, anticancer and other activities and hence it is important to evaluate flavonoid sources in foods 21 . Quantification of the total flavonoid content of Curcuma longa rhizome is important as it is a commonly used spice and a widely used ingredient of herbal and ayurvedic formulations. Chromatographic techniques can be used for authentication of turmeric products and curcumin, demethoxy curcumin and bisdemethoxy curcumin can be used as marker compounds for the quality control of Curcuma longa rhizomes, powders and extracts 22 . Kalyanavaleha a polyherbal formulation used in aphasia has been standardised by HPTLC using Curcumin as biomarker 23 . HPLC analysis of kashayam was carried out to confirm the presence of curcumin so that it can be used as marker for standardizing such formulations. The observation of a peak corresponding to Curcumin in standard, three batches of Pathyashadangam kashayam and Curcuma kashayam at similar Rt shows that HPLC by using curcumin as marker can be used for the standardisation of polyherbal formulation, Pathyashadangam kashayam and other formulations having Curcuma longa rhizome as an ingredient.
CONCLUSION
The rhizome of Curcuma longa was subjected to organoleptic, morphological, anatomical, phytochemical and chromatographic analysis. Organoleptic evaluation of the rhizome revealed that it has yellow colour, aromatic odour and bittery hot taste. Anatomical evaluation revealed that a periderm made of tangentially elongated cells, broad cortex made of parenchymatous cells with intercellular spaces, presence of starch grains, oleo resins and volatile oil in cells of the cortex and collateral closed vascular bundles are diagnostic characters of the rhizome. From the powder microscopic analysis of the rhizome it was concluded that the presence of fibres, starch grains having hilum towards the narrow end and cells with oleo resin are key identifying features. Preliminary phytochemical analysis revealed the presence of alkaloids, flavonoids, sterols, glycosides and saponins in the methanol extract of the rhizome. HPLC analysis of curcumin, Curcuma kashayam and Pathyashadangam kashayam, an ayurvedic formulation containing Curcuma longa as an ingredient confirmed that curcumin can be used as a marker for standardization of formulations containing turmeric as is evidenced from the similarity in 
